TITLE OF THE INVENTION 
PLASTIC OPTICAL FIBER WITH A LENS, 
LIGHT-EMITTING/RECEIVING APPARATUS WITH THE 
PLASTIC OPTICAL FIBER WITH A LENS, AND METHOD OF 
5 FABRICATING THE PLASTIC OPTICAL FIBER WITH A LENS 

BACKGROUND OF THE INVENTION 
Field of the Invention 

The present invention relates to a plastic optical fiber 

10 with a lens in which the lens having a light-condensing function 
or the like is integrally attached to the end face of the optical 
fiber, a light-emitting/receiving apparatus (this term means a 
light-emitting apparatus or a light-receiving apparatus in this 
specification) in which a 1 ight-emi tt ing/receiving device (this 

15 term means a light-emitting device (such as a laser diode) or a 
light-receiving device (such as a photodiode) in this 
specification) is combined with the plastic optical fiber with a 
lens, and a method of fabricating the plastic optical fiber with 
a lens. 

20 Related Background Art 

Convent ional ly, in order to enhance the coupl ing efficiency 
between plastic optical fibers, or a plastic optical fiber and a 
light-emitting device/receiving device, there have been proposed 
some methods of forming a convex lens at the end face of the plastic 

25 optical fiber. For example, Japanese Patent Application 
Laid-Open No. 10 (1998) -239538 discloses a method of forming a 
spherical convex contour on the end face of a plastic optical fiber 
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by using a solvent, Japanese Patent Application Laid-Open No. 
11 (1999) -326689 discloses a method of forming a spherical convex 
contour on the end face of a plastic optical fiber by immersing 
the end thereof in an organic solvent containing an optical fiber 
5 material and drying this end face after theoptical fiber is lifted 
from the solvent, Japanese Patent Application Laid-Open No. 
5(1993) -107427 discloses a method of forming a spherical convex 
contour on the end face of an optical fiber by immersing the end 
thereof in a photos ens i t i ve res in and hardening this end face after 

10 the optical fiber is lifted from the resin, Japanese Patent 
Application Laid-Open No. 8 ( 1996) -75935 discloses a method of 
forming a lens shape on the end f ace of an opt i ca 1 f i ber by press i ng 
the end face thereof on a heated lens forming mold, and Japanese 
Patent Publication No. 62 (1987) -57001 discloses a method of 

15 forming a spherical convex surface on the end face of an optical 
fiber by heating and softening this end face, using surface 
tension. 

Further, there have been proposed, as an art of fabricating 
a concave contour on the end face of a plastic optical fiber with 
20 a refractive index distribution, a method of molding the end face 
of an optical fiber by a heated metal mold, and a method of forming 
a concave contour on the end face of an optical fiber by applying 
a solvent (see Japanese Patent Application Laid-Open No. 
11(1999)-242129). 

25 In those conventional methods, however, precision in 

centering a 1 i ght-condens i ng axis of the spherical convex surface 
is not sufficiently satisfactory, and alignment between the 
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1 ight-emi 1 1 ing/rece i ving device and the opt ical f iber needs to be 
additionally conducted after the optical fiber is fabricated. 
Moreover, since the end face of the optical fiber has a spherical 
convex contour, tolerance of its positional deviation is small, 
5 compared to an optical fiber with a flat end face. 

SUMMARY OF THE INVENTION 
It i s an obj ect of the present invent ion to provide aplastic 
optical fiber with a lens, in which the lens having a 
O 10 light-condensing function or the like is integrally attached to 
m an end face of the optical fiber and which has an excellent 

=y reproducibility, its fabrication method, a 

[^Q light-emitting/receiving apparatus in which a 

light-emitting/receiving device is combined with the plastic 
fy 15 optical fiber with a lens, and its fabrication method. The 
Lj plastic optical fiber refers to an optical fiber whose core and 

■^J cladding are made of polymer, and an optical fiber whose core is 

made of polymer. In such a plastic optical fiber, the cladding 
may be covered with a protective layer, or a polymer jacket. 
20 Further, the plastic optical fiber may be a step-index (SI) type 
wherein a refractive index along its radial direction is uniform 
throughout but exhibits an abrupt step at its core-cladding 
interface, a graded-index (GI) type wherein a refractive index 
varies in some cont inuous fashion as a funct ion of radi al di stance, 
25 or the like. 

The present invention is generally directed to a plastic 
optical fiber with a lens, which includes a plastic optical fiber 
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having a core and a cladding, and a lens having a function of 
controlling light rays. The lens is formed of a material with a 
thermally-softening temperature higher than a 

thermal ly-sof tening temperature of the core of theplasticoptical 
fiber, and the lens is integrated with the plastic optical fiber 
by heat ing and press ing the lens aga inst an end face of the plastic 
optical fiber. 

In the plastic optical fiber with a lens of the present 
invention, the lens is heated to a temperature below the 
thermally-softening temperature of the lens and above the 
thermal ly-sof tening temperature of the core of the plastic op tical 
fiber, and the end face of the plastic optical fiber is molded and 
integrated with the lens by using the heated lens as a mold. The 
end face of the plastic optical fiber is preferably cut by a cutter 
and shaped into a flat surface. Further, after the end face of 
the plastic optical fiber is molded and integrated with the lens, 
it is preferable to surely bond the lens to the plastic optical 
fiber with an adhesive. 

On the basis of the above structure, the following more 
specific structures are possible. 

Any lens can be used as far as the lens has a function of 
controlling light rays. Typically, the lens is a 

1 ight-condens ing lens wi th a spher ical surface (e.g., a bal 1 1 ens) , 
or a light-condensing lens with a semispher ical surface. The 
semi spher ical lens can be typically attached to the end face of 
the optical fiber by pressing the semi spher i ca 1 face against the 
end face of the optical fiber. In this case, an outer face of the 



optical fiber with the semi spher i ca 1 lens becomes flat, and 
therefore, the opt ical f iber can be readi ly handled. Other lenses, 
such as a cylindrical graded-index lens, a convex or concave 
meniscus lens, and an aspherical lens, can be used according to 
5 applications. 

The lens is typically formed of glass or resin whose 
thermally-softening temperature is relatively high. The plastic 
optical fiber is typically a totally-fluorine-contained plastic 
optical fiber or the like. 

10 It is preferable that the lens have a diameter smaller than 

a diameter of the plastic optical fiber, and be bonded to the 
plastic optical fiber at its peripheral portion with an adhesive. 

Further, the present invention is generally directed to a 
method of fabricating a plastic optical fiber with a lens, which 

15 inc ludes a step of prepar ing a thermal ly-conduct i ve substrate for 
holding a lens in a predetermined position, a step of heating the 
substrate and the lens held thereby to a temperature below a 
thermally-softening temperature of the lens and above a 
thermally-softening temperature of a core of a plastic optical 

20 fiber, and a step of pressing an end face of the plastic optical 
fiber against the heated lens and molding the end face of the 
plastic optical fiber to integrate the lens with the plastic 
optical fiber and cause an end of the plastic optical fiber to have 
a function of controlling light rays (e.g., a light-condensing 

25 function). 

On the basis of the above method, the following more 
specific methods are possible. 
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A portion with a contour for holding the lens in the 
predetermined position can be formed directly (see an example of 
Fig. 6) or indirectly (see an example of Fig. 1) on the 
thermally-conductive substrate. 
5 An adjusting surface for adjusting a positional 

relationship in an opt i ca 1 -ax i a 1 direction between the lens and 
the plastic optical fiber can also be formed near the portion with 
a contour for holding the lens, and a periphery of the end face 
of the plastic optical fiber can be caused to abut the adjusting 

O 10 surface when the end face of the plastic optical fiber is pressed 

^^y against the heated lens. 

H An alignment member for holding an end portion of the 

=P plastic optical fiber and aligning optical axes of the lens and 

the plastic optical fiber with each other can be provided on the 
Ly 15 substrate, and the optical axes of the lens and the plastic optical 
'^4 fiber can be caused to align with each other when the end face of 

{2 the plastic optical fiber is pressed against the heated lens. 

Furthermore, the present invention is generally directed 

to a light-emitting/receiving apparatus which includes a 
20 light-emitting/receiving device arranged on a substrate, and the 

above-discussed plastic optical fiber with a lens of the present 

invention. The lens is held above the 1 ight-emi tt ing/rece i ving 

devi ce. 

On the basis of the above structure, the following more 
25 specific structures are possible. 

The lens can have a diameter smaller than a diameter of the 
plastic optical fiber, the portion for holding the lens can be a 
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recess whose size is larger than the diameter of the lens and 
smaller than the diameter of the plastic optical fiber, and the 
adjusting surface can be a surface around the recess. 

The portion for holding the lens can be formed integrally 
5 with and of a material common to the lens (see an example of Fig. 
8). 

An alignment member for holding an end portion of the 
plastic optical fiber and aligning optical axes of the lens and 
the plastic optical fiber with each other can be provided on the 
'=3 10 substrate. In this case, the plastic optical fiber can be bonded 
i;§ to the alignment member with an adhesive at its periphery, 

M Furthermore, the present invention is generally directed 

to a method of fabricating a light-emitting/receiving apparatus, 
which includes a step of preparing a thermally-conductive 
y 15 substrate for arranging a light-emitting/receiving device and 
holding a lens in predetermined positions, respectively, a step 
i^I of arranging the light-emitting/receiving device in the 

predetermined posi t ion on the substrate, a step of holding the 1 ens 
in the predetermined position on the substrate, a step of heating 
20 the substrate and the lens held thereby to a temperature below a 
thermally-softening temperature of the lens and above a 
thermally-softening temperature of a core of a plastic optical 
fiber, and a step of pressing an end face of the plastic optical 
fiber against the heated lens and molding the end face of the 
25 plastic optical fiber to integrate the lens with the plastic 
optical fiber and cause an end of the plastic optical fiber to have 
a function of controlling light rays. 
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In the method of fabricating the light-emitting/receiving 
apparatus, the lens is appropriately positioned above the a 
light-emitting/receiving device arranged on the substrate. 
Thereafter, the lens is heated to the above temperature, and the 
5 end face of theplasticoptical fiber is pressed against the heated 
lens and molded thereby to integrate the lens with the plastic 
optical fiber. Finally, the plastic optical fiber may be 
assuredly fixed to the lens with an adhesive or the like. This 
method i s subs tan t i al ly the same as the above-di scussed method of 

10 f abr icat ing aplasticoptical fiberwitha lens of this invent ion. 

Here, the position of the lens above the 
light-emitting/receiving device and alignment between the lens 
and the plastic optical fiber in integrating the plastic optical 
fiber with the lens are important. For example, when the diameter 

15 of the lens is smaller than that of the plastic optical fiber, a 
layer wi th a recess of a size larger than the lens and smal ler than 
the optical fiber is provided on the substrate to align the 
light-emitting/receiving device with the lens and adjust the 
distance in an optical-axial direction between the lens and the 

20 optical fiber. Further, a layer for holding the optical fiber and 
aligning the optical fiber with the lens and the 
light-emitting/receiving device may be formed on the layer with 
a recess in order to achieve a 1 1 -di rect i ona 1 alignment between 
1 ight-emi tt ing/receiving device, lens and plast ic opt ical fiber. 

25 These and other advantages will be more readily understood 

in connect ion with the fol lowing detai led descr ipt ion of the more 
preferred embodiments in conjunction with the drawings. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
Fig. 1 is a cross-sectional view illustrating a step of a 
f irst embodiment of a method of f abr icat ing a plast ic opt ical fiber 
5 with a lens according to the present invention. 

Fig. 2 is a perspective view of Fig. 1. 

Fig. 3 is a cross-sectional view illustrating another step 
of the first embodiment. 

Fig. 4 is a perspective view of Fig. 3. 
10 Fig. 5 is a cross-sectional view illustrating a plastic 

optical fiber with a lens of the present invention fabricated by 
the first embodiment. 

Fig. 6 is a cross-sectional view illustrating a step of a 
second embodiment of a method of fabricating a plastic optical 
15 fiber with a lens according to the present invention. 

Fig. 7 is a cross-sectional view illustrating a third 
embodiment of a light-emitting/receiving apparatus according to 
the present invention. 

Fig. 8 is a cross-sectional view illustrating a fourth 
20 embodiment of a light-emitting/receiving apparatus according to 
the present invention. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
First Embodiment 

25 A first embodiment is directed to a method of fabricating 

a plastic optical fiber integrated with a light-condensing lens. 
The plastic optical fiber with a light-condensing lens is 
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fabricated in the fol lowing manner. Initially, as illustrated in 
Fig. 1, a holding layer 4 for holding a light-condensing lens 6 
and an al ignment layer 3 for holding and al igning a plast ic opt ical 
. fiber 20 including a core 1 and a cladding 2 are formed on a 
5 thermally-conductive substrate 5, and the lens 6 is positioned in 
a hole 4a of the holding layer 4. The substrate 5 is typically 
made of metal, or glass, that has a high thermally-softening 
temperature. Each of the holding layer 4 and the alignment layer 
3 is made of a material, such as fluorine-contained polymers, which 
10 has a low thermal conduct ivi ty. The holding layer 4 (part icularly, 
its thickness) also acts as a member for adjusting the distance 
in an opt i ca 1 -ax i a 1 direction between the optical fiber 20 and the 
lens 6. 

In the first embodiment, concrete configurations of the 
15 layers 3 and 4 are formed as i 1 lustrated in Figs. 2 and 4, and the 
1 ight-condens ing lens 6 has a spherical shape (i.e., a bal 1 lens) . 
The holding layer 4 has a predetermined thickness, and has the 
square hole 4a for fixing the lens 6. The alignment layer 3 
includes four square portions arranged around the hole 4a in an 
20 equiangular manner on the holding layer 4. 

In this embodiment, the light-condensing lens 6 is formed 
of a material (e. g. , glass, or fluorine-contained polymers) whose 
thermally-softening temperature is higher than that of the core 
1. Naturally the thermally-softening temperature of the lens 6 
25 can also be set above the core I and the cladding 2 of the plastic 
optical fiber. The plastic optical fiber 20 is selected from a 
totally-fluorine-contained plastic optical fiber, a 
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polymethy 1 emethacry late (PMMA) plastic optical fiber, and so on. 
The cladding 2 of the plastic optical fiber 20 may be formed of 
a material other than a polymer. Further, an acrylic protective 
layer can be formed around the cladding 2. 
5 Then, a portion including the lens 6 is heated by the 

thermally-conductive substrate 5 to a temperature (preferably, 
around 160 °C) below the thermally-softening temperature of the 
lens 6 and above the thermally-softening temperature of the 
opt ical fiber 20, and the plast ic opt ical fiber 20 is inserted into 

10 the heated lens 6 and molded thereby using the lens 6 as a spherical 
convex mold, as illustrated in Figs. 3 and 4, Here, alignment 
between the optical fiber 20 and the optical axis of the lens 6 
is achieved by four square pieces of the alignment layer 3, and 
adjustment of the distance in an optical-axial direction between 

15 the optical fiber 20 and the lens 6 is achieved by an upper surface 
of the holding layer 4 around the hole 4a, on which a peripheral 
end face of the optical fiber 20 is caused to abut. 

Thereafter, the temperature of the thermally-conductive 
substrate 5 is lowered to about 80 °C, and the p 1 as t i c opt i ca 1 fiber 

20 20 is. lifted. The light-condensing lens 6 is separated from the 
substrate 5 together with the optical fiber 20, due to an 
adsorptive power of the resin of the optical fiber. Then, as 
illustrated in Fig. 5, an adhesive 7, such as an epoxy resin, is 
put on a peripheral portion of the lens 6, whose position does not 

25 interfere with an optical path, to completely fix the lens 6 to 
the optical fiber 20. The plastic optical fiber 20 with the 
light-condensing lens 6 affixed to the end face of the optical 
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fiber 20 is thus obtained. 
Second Embodiment 

A second embodiment directed to another method of 
fabricating a plastic optical fiber with a light-condensing lens 
5 is illustrated in Fig. 6. 

In the second embodiment, a thermally-conductive substrate 
8 has a hole 8a for holding a light-condensing lens 6. The hole 
8a is typically a conical hole which has an appropriate depth and 
an appropriate apex angle corresponding to the diameter of the lens 
^=3 10 6. The hole 8a may have a triangular prism shape whose side face 
is a square shape (an upper opening of the hole 8a) and whose bottom 
face is a triangular shape (this face appears in Fig. 6). 

In the second embodiment, the holding layer 4 used in the 
first embodiment is not used. On the other hand, an alignment 

■ssf 

Lu 15 layer 3 includes four portions arranged around the hole 8a in an 
vj equiangular manner on the substrate 8, similarly to the first 

embodiment. With respect to other points, the second embodiment 
is substantially the same as the first embodiment. 
Third Embodiment 

20 A third embodiment is directed to a light 

emi 1 1 ing/rece iving apparatus in which a 1 ight emi 1 1 ing/ rece i ving 
device arranged on a substrate is optically coupled to a plastic 
optical fiber with a light-condensing lens of this invention. 

The third embodiment can be fabricated in the following 

25 manner. As illustrated Fig. 7, a holding layer 4 for holding a 
spherical light-condensing lens 6 and an alignment layer 3 for 
holding and aligning a plastic optical fiber 20 are formed on a 
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substrate 9, and the condensing lens 6 and a light 
emitting/receiving device 10 are arranged in a hole 4a of the 
holding layer 4 and on the substrate 9, respectively. The holding 
layer 4 (particularly,, its thickness) also acts as a member for 
adjusting the distance in an opt i ca 1 -ax i a 1 direction between the 
optical fiber 20 and the lens 6, similarly to the first embodiment. 

Here, the light emitting/receiving device 10 and a solder 
for bonding the device 10 to the substrate 9 (a central portion 
in the hole 4a) preferably have a heat resistance up to about 200 °C. 
Configurations of the holding layer 4 and the alignment layer 3 
of the second embodiment are substantially the same as those of 
the first embodiment. The positional relationship between the 
device 10 and the lens 6 is appropriately determined according to 
the individual case. 

Then, a portion including the light-condensing lens 6 is 
heated to a temperature (preferably, around 160 °C) below the 
thermally-softening temperature of the lens 6 and above the 
thermally-softening temperature of the optical fiber 20, and the 
plastic optical fiber 20 is inserted into the heated lens 6 and 
molded thereby using the lens 6 as a spherical convex mold, 
similarly to the first embodiment. Thereafter, the temperature 
of the thermal 1 y-conduc t i ve substrate 9 i s lowered to about 80 °C, 
and the plastic optical fiber 20 is bonded to the substrate 9 and 
the alignment layer 3 with an adhesive 7 provided around the 
optical fiber 20. 

Alignment between the optical fiber 20, the lens 6 and the 
light emitting/receiving device 10 is all achieved by the 
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alignment layer 3 and the holding layer 4. A lens formation on 
the end face of the opt ical f i her 20 can be achieved wi th good yield 
by using the precisely-formed light-condensing lens 6. 
Fourth Embodiment 

A fourth embodiment is directed to another light 
emi tt ing/rece iving apparatus in which a 1 ight emi 1 1 ing/rece i v ing 
device arranged on a substrate is optically coupled to a plastic 
optical fiber with a light-condensing lens of this invention. 

The fourth embodiment can be fabricated in the following 
manner. As illustrated Fig. 8, a layer 11 with a semi spher i ca 1 
lens portion 16 and an alignment layer 3 for holding and aligning 
a plastic optical fiber 20 are formed on a substrate 9. The layer 
11 with the semi spher ical lens portion 16 is formed by molding a 
resin, for example. A light emitting/receiving device 10 is 
arranged on the substrate 9 under a central portion of the 
semispher ical lens portion 16. The layer 11 (particularly, its 
thickness around the semispher ical lens portion 16) also acts as 
a member for adjusting the distance in an opt i ca 1 -ax i a 1 direction 
between the optical fiber 20 and the lens portion 16. Here, the 
layer 11 with the semispherical lens portion 16 preferably has a 
heat resistance up to about 200 ^C. 

Then, a portion including the condensing lens portion 16 
is heated, and the plastic optical fiber 20 is inserted into the 
heated condensing lens portion 16 and molded thereby. Thereafter, 
the plastic optical fiber 20 is bonded to the layer 11 and the 
alignment layer 3 with an adhesive 7 provided around the optical 
fiber 20. 
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As described in the foregoing, in a plastic optical fiber 
with a lens of the present invention, formation of a plastic 
optical fiber itself used therein, and connection between the 
plast ic opt ical f iber and the lens are easy, and hence, the plastic 
5 optical fiber with a lens of the present invention, such as a 
spherical ly-lensed plast ic opt ical fiber, can be f abr i cated w i th 
good reproducibility. Further, in a light emitting/receiving 
apparatus of the present invention, connection and alignment 
between a plastic optical fiber with a lens and a light 

□ 10 emitting/receiving device can be readily achieved with a small 

uS number of fabrication processes. 

'=--1 Whi le the present invent ion has been described wi th respect 

to what is presently considered to be the preferred embodiments, 
- it is to be understood that the invention is not limited to the 

Ly 15 disclosed embodiments. The present invention is intended to 
y cover various modifications and equivalent arrangements included 

lI within the spirit and scope of the appended claims. 
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